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(54) Surgical support mesh 

(57) A soft and pliable surgical support mesh exhib- 
iting increased resistance to inhabitation of infectious 
niatter. The mesh includes a support trellis formed of 



multifilament yarns wherein the interstitial voids located 
between the filaments of said yarns are enclosed within 
an infection-inpervious matrix. 
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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to surgical mesh antii, more particularly, to a soft and pliable multifilament surgical 

support mesh exhibiting improved resistance to inhabitation of bacteria and other infectious matter. 

Surgical mesh Is typically used for repair and restoration of living tissue. For example, surgical mesh may be used 
to support and/or reinforce a damaged or weakened portion of the body. In this regard, the mesh must be sufficiently 
porous to allow for growth of tissue through the graft after implantation. The healing tissue grows through porous openings 
10 in the implanted mesh, thereby assimilating the mesh and adding structural integrity to the tissue. 

Surgical mesh may t>e produced by knitting, weaving, braiding or othenAfise forming a plurality of yarns into a support 
trellis. Moreover, such mesh may be produced with monofilament or multifilament yarns made of materials such as 
polypropylene and polyester. Surgical mesh formed of monofilament yarn provides satisfactory reinforcement ability, but 
is generally stiff and has limited pliability. In contrast, surgical mesh formed of multifilament yarn is soft and pliable in 
IS comparison to mesh formed of monofilament yarn. 

However, mesh formed of multifilament yarn may tend to harbor infectious matter such as bacteria. Particularly, the 
small void areas or interstitial sptaces between the filaments of a muftif ilament yarn may promote the breading of such 
bacteria. To date, surgeons typically prefer the monofilament design because of its irrproved resistance to hartx>ring of 
infectious matter. As a result of this choice, surgeons must forego the advantages associated with multifilament yarns. 
20 An example of a prior art surgical mesh is disclosed In U.S. Patent No. 2.671,444. The surgical mesh described 
therein is an integral network of interconnecting yarns formed by molding a polyethylene resin. In essence, the '444 
mesh is a molded, monofilament mesh and. hence, is relatively stiff and exhibits limited pliability. 

U.S. Patent No. 3.054,406 discloses another example of a surgical mesh used for repair and restoration of living 
tissue. The surgical mesh descra^ed therein may be woven from either monofilament or multifilament polyethylene yarns. 
25 The mesh has limited pliability when formed of monofilament yarns, and may be prone to hart)pring of infectious matter 
when formed of multifilament yarns. 

U.S. Paterrt No. 4,452,245 discloses still another example of a surgical mesh. The surgical mesh described therein 
is formed with monofilament polypropylene yams which are knitted into a continuous tutxilar shape. The knitted mesh 
is porous and exhibits infection-resistant characteristics because of its monofilament constructbn. However, the mono- 
30 filament mesh tends to be stiff and relatively non-pliable, which detracts from the body's ability to incorporate the mesh. 
There is therefore a need in the art for a surgical support mesh which exhibits both the soft and pliable characteristics 
of a mesh produced from multifilament yarns and the infection resistance of a mesh produced from monofilament yarns. 
The mesh should also be non-linting. fray resistant arKi ravel resistant. 

35 SUMMARY OF TH^ INVENTI O N 

The present invention, which addresses the needs of the art. provides a soft and pliable surgical mesh. The mesh 
includes a support trellis formed of multifilament yarns encapsulated within an infection-impervlcHJS matrix whereby the 
interstitial vokls located between the f ilaments of tiie yarns are enclosed within the rr^trix. 

40 The present irrvention also provides a method of producing a soft and pliable surgical mesh exhibiting increased 
resistarrce to inhat>ftation of infectious matter from a support trellis formed of multifilament yarns. The method includes 
the step of encapsulating the multifilament yarns within an infection-impen^ous matrix whereby the interstitial voids 
located between the filaments of the yarns are enclosed within the matrix. 

Finally, the present invention provides a method of repairing a damaged portion of a patient's txxiy. The method 

45 includes tiie step of providing a surgical mesh. The mesh Includes a support trellis formed of multifilament yarns encap- 
sulated wrtiiin an irrfection-impervious matrix whereby the mesh is soft and pliable while simultaneously exhibiting a 
resistance to inhabitation of infectious matter. The methtod includes the further step of accessing the damaged portion 
of tiie body. Finally, the method includes the step of implanting tiie surgical mesh in the body to reinforce the damaged 
portion and allowing tiie mesh to assimilate into the body. 

60 As a result, the present invention provides a surgical support mesh which exhibits both the soft and pliable charac- 
terl8ti*cs of a mesh produced from multifilament yarns and the infection resistance of a mesh produced from monofilament 
yams. Moreover, tiie present invention provides a surgical support mesh which is non-linting, fray resistant and ravel 
resistant. 

55 BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 shows a portion of a woven prior art support mesh made of multifilament yarns; 
Fig. 1a Is a sectional view taken along lines 1a-1a of Fig. 1: 
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Rg. 2 shows a portion of a support mesh of the present invention wherein a woven support trellis formed of multi- 
filament yarns has been erK^apsulated within an infection-Impervious matrix in accordance with the present invention; 
Rg. 2a is a sectional view taken along tines 2a-2a of Rg. 2; 

Rg. 3 is a sectional view of a multifilament yarn which has been encapsulated within an infection-impervious matrix 
5 prior to forming of the support trellis; 

Rg. 4 is a view similar to Rg. 3. wherein the encapsulating resin which forms the nnatrix has penetrated into the 
yarn and has substantially filled the interstitial voids; 

Rg. 5 is a sectional view of a multifilament yarn formed of bi-component f PDers; 
Rg. 6 is an enlarged sectional view of an irxjividual bi-component fber; 
10 Rg. 7 shows a portion of a woven support mesh of the present invention formed of tiie bi-component multifilament 
yarns of Fig, 5 which have been fused following fabrication of the trellis: and 
Rg. 7a is a sectional view taken along lines 7a-7a of Rg. 7. 

PETAILEP PESCRIPTIQN QFTtiE INYENTIQN 

15 

Referring to tiie drawings and, in particular to Fig. 1 , therein illustrated is a prior art surgical support mesh 10. Mesh 
10 may be manufactured from monofilament or multifilament yarns. Prior art mesh 10, as shown, includes multifilament 
horizontally-extending yarns 12 and multifilament vertically-extending yarns 14 woven together to form a support trellis. 
The use of multifilament yarns, such as yarns 12 and 14, provides a mesh having greater pliability and suppleness 
20 than the use of monofilament yarns. These characteristics result from both tiie smaller diameter of the individual filaments 
and the interstitial spaces or voids ttiat are located between such filaments. 

In particular, the flexibility of a filament (or fiber) generally increases as its diameter decreases. Because the solid 
cross-sectional area of the filaments of a multifilament yarn is less than the cross-sectional area of a monofilament yarn 
of equivalent diameter, the multifilament yarn will have a greater degree of f lexit>ility and pliability than tiiat of the mono- 
25 filament yam. 

As shown in Rg. 1 a. each of multifilament yarns 12 and 14 is composed of a plurality of filaments 16 that are twisted 
together to form the yarn. Interstitial spaces 18, which are pockets of air, are formed between adjacent filaments of the 
yarn. Although these voids contribute to the softness arxj pliability of the formed mesh, they also provide a natural 
breeding ground for t^acteria or other infectious material. 
30 Surgical mesh is, of course, thoroughly sterilized prior to implantation. Nevertheless, burgeons typically prefer tiie 
use of nrx>nofilament-designed mesh to minimize any risk of infection. As a result, the advantages associated with nrvjl- 
tifilament-designed mesh (i.e., softness and pliabilfty which result in better assimilation of the mesh into the body) are 
typically saatficed. 

It has been discovered herein that a surgical support mesh having both the softness and pliability of a multif ilament- 
35 designed mesh and the infection resistance of a monofilament-designed mesh may be produced. Particularly, it has 
been discovered that a support trellis formed of multifilament yam wherein tiie interstitial voids located between adjacent 
filaments are enclosed within an infection-impervious matrix exhibits the desired resistance to hart)oring of infectious 
matter without significant loss of flexibility. 

Particularly, the matrix, which completely encloses the interstitial voids between the filaments of the yarn, provides 
40 an effective barrier to the passage of infectious matter between the interior and exterior of the yam. Accordingly, any 
voids remaining in the yam after encapsulation of such yarn are enclosed (and thereby sealed) within the resultant matrix. 

A first emtxxliment of the present invention is shown in Rg. 2. Particularly, this first emtxxiiment includes a support 
trellis 20 formed of multifilament yarns 22 and 24 which overlap at cross-over junctions 25. Subsequent to forming of 
the trellis, such trellis is encapsulated within a matrix 26, which is preferably a flexible material that continuously sun-ounds 
45 the exterior of the yarns thereby enclosing interstitial voids 27 located between filaments 28 (see Rg. 2a). In one embod- 
iment, the matrix is formed from a polymeric resin. 

As shown in Rg. 2a, the resin can t>e applied to the yarn in such a manner as to not allow tiie resin to substantially 
penetrate into the yarn. Particulariy. the penetration of the resin can be controlled through the application procedure, 
e.g., quantity of resin applied arKl/or encapsulating time. In such an embodiment, the interstitial spaces are enclosed 
so (ratiier than filled) within the continuous matrix. However, it is contemplated that tiie resin can be allowed to penetrate 
into the yarn, thereby sul^stantially filling the void space located therein. 

In another embodiment of the present invention, individual yarns 29. as shown in Rg. 3, are encapsulated within 
matrix 30 prior to forming of the support trellis. As a result, interstitial voids 32 remaining in the yarn are enclosed (and 
thereby sealed) within the matrix. This then preverrts infectious matter from traveling between the interior and exterior 
55 of the yam. Stated differently, tiie matrix provides an infection-impervious banier between any interstitial voids remaining 
in tiie yarn after encapsulation and the exterior of such yarn, while simultaneously maintaining the desired flexibility. 

As mentioned, the deptii of penetration of the matrix can be conti-olled by regulating the quantity of resin applied to 
the yarn arKl/or by regulating the coating time. For example, referring to yarn 34 shown in Rg. 4. matrix 36 penetrates 
into the interstitial spaces of the yarn, thereby substantially filling the bulk of air space located tiierein. 
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The resin employed to encapsulate the trellis preferably has a melting temperature lower than the melting temper- 
ature of the individual filaments such that the resin may be applied to the trellis without damage thereto (i.e., melting of 
the filaments). Moreover, the resin should exhibit a high degree of flexibility to ensure that the formed mesh retains rts 
desired pliability. Preferably, the resin has a Young's Modulus lower than that of the filament material. Resins formed 
5 from polyester, polypropylene, polyethylene, polyurethane or copolymers thereof are contemplated for use herein. 

In one embodiment of the present invention, a resin solution is applied to the formed trellis. The solvent carrying 
the resin is then caused to be evaporated, whereby the solute impregnates and thereby fills the voids wrthin the yarn. 

The encapsulation of the multifilament yarns permanently encloses the interstitial spaces formed between the indi- 
vidual filament of the yarns. Particularly, a continuous infection-impervious matrix is formed arourxJ the exterior of the 
10 yam, thereby encapsulating the filaments and filling and/or sealing the interstitial spaces formed tiierebetween. The 
resultant surgical mesh therefore exhibits tiie softness and pliability of a multifilament yarn, while simultaneously pro- 
viding a barrier to the passage of infectious matter. 

Moreover, tiie encapsulation of the yarns, rf done subsequent to forming of the support trellis fuses the yarns of the 
trellis together at the crossover junctions 25 shown in Rg. 2. This improves the ravel resistance of the formed mesh. It 
75 also improves the lirtting and fraying characteristics of the mesh (i.e.. the mesh is less prone to both tinting and fraying). 
If, however, tiie individual yarns are encapsulated prior to forming of the trellis, the trellis may still be heated after formation 
to fuse the yarn coatings together, thereby rendering such trellis ravel resistant. 

Referring to Figs. 5 and 6. the multifilament yarns employed in tiie present invention, e.g.. yarn 40. may be formed 
of bi-component filaments 42. Each of these bi-component filaments includes a sheatii 44 and a core 46. The sheath 
20 is formed of a material having a melting or fusing point lower than that of the material forming the core of the filament. 
Thus, when the filament is heated to a particular temperature, tiie sheath will soften and flow together with sheaths from 
adjacent filaments, thereby filling the void space between filaments arxJ encapsulating the cores of such filaments. 

The sheath 44 is preferably a polyethylene terephthalate/isophthalate co-polyester, wfiile the core 46 is preferat^ly 
a polyethylene terephthalate polyester. Of course, other suitable materials may be used to manufacture tiie bi-conponerrt 
25 filaments. 

Another emtx>diment of the present invention is shown in Rgs. 7 and 7a. Particularly, this embodiment includes a 
support ti'ellis 46 formed of bi-component multifilament yarns, such as yarns 40. Subsequent to forming of the ti-ellis, 
the trellis is heated to a predetermined tenperature, i.e.. the fusing temperatajre of the bi-component filaments. 

It is at this fusing temperature tiiat sheaths 44 of the bi-component filament begin to melt and f fow together, tiiereby 
30 at least substantially filling the voids between filaments and also encapsulating cores 46 within a continuous polymeric 
matrix. The melting sheaths also enclose any voids 50 which are not filled by the flowing polymer. Because the polymer 
of sheath 44 is softer and more flexible than the polymer of core 46. the formed fellis exhibits the flexibility of a surgical 
support mesh formed of a conventional multifilament yam. 

The surgical mesh of tiie present invention may be formed by weaving, knitting, braiding or otherwise forming a 
35 plurality of multifilament yarns into a support trellis structure. This multifilament yarns may be either traditional multifil- 
ament yarns or bi-conrtponent nxiltif ilament yams. When formed of bi-component multifilament yams, the support mesh 
may tiiereafter be radiated with thermal or light energy to fuse tiie filaments together. For example, the mesh may be 
placed in an oven and heated to a temperature of, for example, 1 80'C such the sheaths of the individual filaments fuse 
together. 

4o The encapsulation of tiie yams, whether by coating or fusing of bi-conponerrt filaments, provides the trellis with a 
'^membrane-like" feel, while also eliminating the fbrous properties of a warp-knitted sti-ucture. Moreover, tiie present 
invention allows the size of the trellis pores (e.g.. pores 52 shown in Fig. 7) to be regulated. For example, the pore size 
(preferably about 100 microns or larger) can be regulated by controlling the quantity of resin applied to the exterior of 
the trellis. It is believed that regulation of pore size may facilitate assimilation of the trellis into the body. 

45 In one preferred embodiment of the present invention, a medicinal sut^tance (e.g., an antibiotic) is incorporated 
into the matrix encapsulating the yarns. The drug may be dispersed directly throughout the encapsulating resin or. 
alternatively, added to a plurality of separate earners which in tum are dispersed throughout the encapsulating resin. 

EXAMPLES 

so 

The following examples illusfrate the surgical support mesh of the present invention. 
EXAMPLE 1 

55 A support trellis is woven of bi-conponent yarns, particularly 250 denier/1 6 filament/type LHCV Kanebo Beltcouple® 
polyester yarns. The Kanetx) Bellcouple® yarn includes a polyethylene terephthalate polyester core arxl a polyethylene 
terephthalate/isopftthalate coiX}lyester sheath, the sheath having a lower melting temperature than the core. 
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Following construction of the support trellis, the trellis Is placed in a convection oven and heated to about 180^0, 
thus fusing the individual sheaths together. The yarns are thereby encapsulated and. further, are fused to each other at 
the junctions where the yarns overlap. 

The resultant mesh is thereafter sealed in a sterile package. 

5 

EXAMPLE 2 

A support trellis is warp-knrtted of bicomponerrt yarns, particularly 75 denier/24 filament/type LHCV Kanebo Belt- 
couple® polyester yams. Following construction of the support trellis, the trellis is placed in a convection even and heated 
10 to about 1 80*'C, thus fusing the individual sheaths together. 

The resultant mesh is thereafter sealed in a sterile package. 

Although illustrative embodiments of the present invention have been described herein with reference to the accom- 
panying drawings, it is to be understood that the invention is not limited to those precise embodiments, and that various 
other changes and nrxxilif ications may be effected therein by one skilled in the art without departing from the scope or 
15 Spirit of the Invention. 

The invention as described above can be summarized as follows: 

A soft and pliable surgical support mesh exhibiting increased resistance to inhabitation of infectious matter. The 
mesh includes a support trellis formed of multifilament yarns wherein the interstitial voids located between the filaments 
of said yarns are enclosed within an infection-impervious matrix. 

20 

Claims 

1 . A soft and pliable surgical mesh, comprising: 

a support trellis formed of multifilament yams encapsulated within an infection-impervious matrix whereby 
25 the interstitial voids located between the filaments of said yarns eire enclosed within said matrix. 

2. The mesh according to Claim 1. wherein said matrix exterioriy surrounds said yarns and is formed of a material 
having a flexibility at least as great as the f lexit>ility of the material forming the filaments of said yarns. 

30 3. The mesh according to Claim 2. wherein said matrix penetrates into said yarn to sut>stantialty fill the interstitial voids 
located therein. 

4. The mesh according to Claim 3, wherein said matrix is formed from a polymer selected from the group consisting 
of polyester, polypropylene, polyethylene, polyuretiiane and copolymers thereof. 

35 

5. The mesh according to Claim 1 . wherein said yarns are formed of a plurality of bi-component filaments each having 
aflexitDle core and a fusible sheath surrounding said core, and wherein said sheath has a fusing temperature lower 
than the melting temperature of said core whereby said sheaths fuse together to enclose said interstitial voids upon 
heating of said trellis. 

40 

6. The mesh according to Claim 5. wherein said core is formed of a polyethylene terephthalate polyester and said 
sheath is formed of a polyethylene terephthalate/isophthalate copolyester. 

7. The mesh according to Claim 1 , wherein said multifilament yarns overlap one another at regularly-spaced junctions 
45 to form said support trellis, and wherein said overlapping yarns eire adhered to one another at said junctions to 

enhance ravel resistance of said mesh. 

8. The mesh according to Claim 1 . wherein said matrix is drug permeable, and wherein a medicinal drug is incorporated 
into said matrix for release irrto the body of a patient aft^ implantation of said mesh theran. 

so 

9. A method of producing a soft and pliable surgical mesh exhibiting increased resistance to inhabitation of infectious 
matter from a support trellis formed of multifilament yarns, comprising: 

encapsulating said multifilament yarns within an infection-impervious matrix whereby the interstitial voids 
located between the filaments of said yams are enclosed with said nnatrix. 
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